The objective of this study was to determine the effect of breeder age and early energy restriction on fattening performance, meat quality and plasma leptin concentration of broilers. A total of 504 male chicks were obtained from three different ages (27, 38 and 60 weeks) of broiler breeders. Chicks from each age of breeder groups were randomly divided into 2 diet groups (control and energy restriction). Broilers in energy restriction group were fed diet with reduced 10% energy from day 8 to 14. The body weight, body weight gain, feed consumption and feed to gain ratio were determined weekly during the experiment. At days 7, 14 and 41, seven broilers from each group were bled to measure the leptin concentration. At 42 day of age, 21 broilers of each group were slaughtered. Carcass, heart, liver, gizzard, spleen and abdominal fat were weighed. pH, cooking loss, moisture, protein, fat and ash of thigh meat were determined. In conclusion, breeder age affected the initial weight, total body weight gain, feed consumption and abdominal fat, whereas energy restriction affected the 2 nd week body weight gain, total feed consumption, total feed to gain ratio, heart and liver percentages and also moisture and protein levels of thigh meat. Leptin was only affected by broiler age. Interaction between breeder age early energy restriction in diet of broilers was not seen except that the 2 nd week feed to gain ratio. 
Introduction
Improvements in genetics and nutrition of the broilers have led to continuing improvement in feed conversion and carcass yield. However increased growth rate has caused a greater incidence of metabolic disorders such as asides, sudden death syndrome and skeletal abnormalities and also increased fat deposition (33, 34, 39) . For this purpose, quantitative and qualitative feed restriction methods such as energy restriction have been used. Leterrier et al. (22) reported that a diet with a 28% dilution of the energy, distributed in the form of finely ground particles during the first 3 week of life, induced a marked reduction in growth rate. Some studies have demonstrated that energy reduction both by feed deprivation and diet dilution could decrease fat content and increase protein deposition in carcass, thus resulting in improved carcass quality (20, 40) . Feed restriction programs are strategies that can be used to alter feeding management in order to decrease to some extent feed consumption and therefore growth rate, alleviating the occurrence of metabolic disorders and improving feed efficiency (33) . The response of broilers to feed restriction depends on the duration, timing and severity of feed restriction, condition of re-alimentation and also sex and strain (12, 17, 21, 28, 33, 39, 41) . Leptin, the product of the ob gene, is a 16-kDa hormone that has been shown to play a key role in regulating feed intake and energy homeostasis in mammals (10) . Adiposities produce and secrete more leptin as fat storage increases, signaling the brain to reduce feed consumption and increase energy expenditure (1) . Unlike in mammals, chicken leptin is expressed in the liver and yolk sac besides adipose tissue (1, 15, 36) . However, there is no information regarding the effects of breeder age and energy restriction on growth, plasma leptin concentration, carcass characteristics and meat composition of broilers. Older hens lay larger eggs that hatch into larger chicks and hatching weight of chicks are correlated with market age weight (35, 37) . Thus, it was hypothesized that breeder age would affect the results of energy restriction of broilers. Based on this knowledge, adequate information is needed on the energy restriction of broilers obtained from different breeder ages on the growth. Therefore this study was conducted to investigate the effects early energy restriction and breeder age on growth, plasma leptin concentration, some carcass characteristics and meat composition of broilers.
Materials and Methods
Birds and management: A total of 504 male chicks were obtained from three different ages (27, 38 and 60 weeks) of broiler breeders (ROSS 308). These flocks were housed under the same environmental and management conditions in the same farm. This study was approved by Ankara University Animal Care and Use Committee (2011-112-428). Chicks from each age of breeder groups were randomly divided into 2 diet groups [control (no energy restriction) and energy restriction]. There were 7 replicate pens in breeder age and diet groups. Chicks of each group were placed in separate floor pen measured as 170X94X90 cm, widthXlengthXheight, respectively. Each pen had wood Continuous lighting was maintained throughout the experiment.
Experimental diets: All the birds were fed on a broiler starter diet for the first week (3010 kcal/kg ME and 23.10% CP). From day 8 to 14, chicks that each breeder age groups were divided two diet groups and one of them were fed the same starter diet and the other were fed diet with reduced 10% energy (2707 kcal/kg ME and 23.04% CP). Then all broilers were provided with the same starter diet as the first week from d 15 to 21 and finisher diet from d 22 to 42 (3176 kcal/kg ME and 20.10% CP, Table 1 ).
Traits measured: The body weight, body weight gain and feed consumption were measured weekly by pen and feed conversion ratio was calculated as the feed to gain ratio. At days 7, 14 and 41, seven broilers from each group were randomly selected and bled from the brachial vein. Blood samples were taken in tubes contained EDTA. Plasma leptin concentration was determined using a commercial Gallus Leptin kit (E90084Ga, USCN) in the microplate reader (Chro-Mate, 4300).
At 42 day of age, 21 broilers of each group were randomly selected for processing. After final weighing feed was removed 8 h prior to slaughter. Broilers were slaughtered in a commercial slaughterhouse. Carcass, heart, liver, gizzard, spleen and abdominal fat were weighed. These weights were expressed as percentage of slaughter weight. The carcasses were stored at 4°C for 20 h by hanging. Cold carcass weights were recorded and were expressed as percentage of slaughter weight as cold carcass yield. pH of thigh meat at 24h after the slaughter was measured with pH-meter (pH-2004, J.P. Selecta, Barcelona, Spain). To determine cooking losses, samples of thigh meat were weighed, held in plastic bags, and immersed in a water bath (80°C) for 20 min. Then, bags were cooled in water for 20 min and samples were blotted dry with paper towels and weighed. Cooking loss (CL) is the ratio (×100) of the difference in weight between the cooked and raw muscle relative to the weight of the raw muscle (14) . Thigh meat was also used for analyses of moisture, protein, fat and ash according to the AOAC (2). Results were expressed as percentage over fresh matter basis.
Statistical analyses: Statistical analyses were performed using the software package SPSS for Windows (SPSS Inc., Chicago, IL). Data were tested for distribution normality and homogeneity of variance. Data set showed normality and a two-way ANOVA was used to determine the differences between breeder age and diet groups as well as their interactions with respect to the studied parameters except that the leptin level. Plasma leptin level was analyzed by there-way ANOVA. Comparisons among means were made by Duncan's multiple range test (8) . A value of P<0.05 was considered statistically significant.
Results
Effects of breeder age and early energy restriction on chick weight, body weight gain, feed consumption and feed to gain ratio were summarized in Table 2, 3 and   Table 2 . Effects of breeder age and early energy restriction on chick weight and body weight gain of broilers. Tablo 2. Etçi piliçlerde damızlık yaşı ve enerji kısıtlamasının civciv ağırlığı ve canlı ağırlık artışı üzerine etkileri 4. Breeder age affected the initial weight, total body weight gain and feed consumption. There was no significant difference in feed to gain ratio among different breeder age groups. Energy restriction affected the 2 nd week body weight gain, total feed consumption, total feed to gain ratio. Hot carcass yield, percentages of heart, liver, spleen and gizzard and also thigh meat composition and cooking loss were not affected by the breeder age groups (Table 5 and 6 ). Abdominal fat of broilers obtained from 27 week old breeders was significantly lower (P<0.05) than that of broilers obtained from 38 week old breeder. Early energy restriction affected heart and liver percentages and also protein and moisture levels of thigh meat. Leptin was only affected by broiler age (P<0.001)( Table 7) .
Discussion and Conclusion
Initial chick weight obtained from 27 week old breeder age was lower (P<0.001) than that obtained from older breeders. It is expected because the smaller eggs produced young broiler breeders and there was positive correlation between egg weight and hatched chick weight (37) . Heavy chicks has got high nutrition reserve and show high live rate (26) . Chick weight accepted as egg weight percentage in hens and this rate is 62-76% in chickens (37) . Breeder age affected the body weight gain of broilers until 6 th week. At these weeks broilers obtained from 27 week old breeders were lower body weight gain than broilers obtained from 60 week old breeders. Total body weight gain from 1 st to 6 th week was also lower in broilers obtained from 27 week old breeders than that obtained elders (P<0.001). However initial body : Aynı sütünda farklı harflerle gösterilen gruplar arasındaki fark istatistiksel olarak önemlidir (P<0.05). NS: önemli değil, ***: P<0.001. weights and first week body weight gains were significantly different in broilers obtained from 38 and 60 weeks old breeders, after the first week body weight gains were statistically similar in these groups. In our study, 10% energy restriction in the diets was done from day 8 to 14. Therefore in diet groups, body weight gain was only affected in the second week. In this week broilers in energy restriction group gained significantly less (P<0.01) body weight than the broilers in control group. After this week body weight gains in diet groups were statistically similar. The results of our study demonstrate that reducing 10% dietary energy from day 8 to 14 of age resulted in reduced weight gain this week; however full recovery in growth of broilers previously fed energy reduced diets can be achieved. Yang et al. (38) reported similar results that restriction of 10% of energy had no influence on weight gain. However, Fontana et al. (11) showed that male chicks provided with a lower energy diet for 7 day from 4 day of age were unable to normalize weight gain and had significantly lower body weight at 49 day. This difference among studies might be due to the severity and timing of restriction method.
First week feed consumption of broilers among breeder age groups were statistically different (P<0.001). In this week chicks obtained from young breeders consumed little feed than chicks obtained from old breeders. After the first week chicks obtained from 38 and 60 weeks old breeders consumed statistically similar feed. However chicks obtained from 27 week old breeders consumed less than the others until the 6 th week.
These broilers in the 6 th week consumed more feed than that of the older breeders. However Onbaşılar et al. (27) showed that feed consumptions of broilers among different breeder ages were not statistically different. This difference between studies might be due to the using different breeder age groups. Broilers in early energy restriction group from the 2 nd week to 5 th week consumed more feed than in control group. But only 2 nd and 5 th weeks (respectively, P<0.001 and P<0.01) and also total weeks were statistically significant (P<0.01). Similarly, Bregendahl et al. (5) and Nawaz et al. (25) reported that increase feed consumption in broilers fed diets having decreased energy. Griffiths et al. (13) reported that feed consumption of broilers decreased as dietary energy increased. Similarly, in our study showed that early energy restriction was increased the feed consumption of broilers.
There was no significant difference in feed to gain ratio among different breeder age groups. Feed to gain ratio of broilers in energy restriction group was statistically higher (P<0.001) than that of the broilers in control group at the 2 nd week and also weeks from 1 to 6 (P<0.01). The increase in feed to gain ratio was associated with increase feed consumption and decrease weight gain. Similarly, Leterrier et al. (22) reported that broilers fed low energy diet for 3 week had low body weight. During the first 42 d of life, broilers fed low energy showed a 10.8% increase in feed consumption. Higher feed to gain ratio was observed among broilers fed low energy in their study. Hot carcass yield, percentages of heart, liver, spleen and gizzard were not affected by the breeder age groups. Abdominal fat was affected by breeder age groups. Abdominal fat of broilers obtained from 27 week old breeders was significantly lower (P<0.05) than that of broilers obtained from 38 week old breeder. Similarly, Onbaşılar et al. (27) reported that abdominal fat ratio of broilers obtained from young breeder was lower than that of broilers obtained from old breeders. Meat quality traits vary with growth rate (19) . Meat from broilers with higher growth rate had relatively large fibres and pH 24, dark colour and low thawing loss (4) . Composition, pH and cooking loss of thigh meat were not affected by the breeder age groups.
One of the most controversial aspects of early feed restriction methods has been the lack of a consistent effect on abdominal fat. A reduction in abdominal fat without any concomitant reduction in body weight was reported some authors (16, 30, 31, 32) Other authors (6, 24) have reported reduction in abdominal fat due to early feed restriction but with a small reduction in final body weight. Yang et al. (38) reported that broilers receiving energy restriction diets had lower fat deposition. Lippens et al. (23) reported that total fat content was not changed by feed restriction. Similarly, our results showed that early energy restriction didn't affect the abdominal fat. Normally muscle pH is about 7.0 and rapidly declines after slaughter. In this study pH of the thigh meat, 24 h after slaughter, reached an average of 6.14 for diet groups. Groups of diet had no significant affect on this variable. Diets only affected the percentages of heart and liver and also moisture and protein levels of thigh meats. Rapid growth necessitates high oxygen demand. Implementation of feed restriction program, therefore, reduces the growth rate and results in decreased tissue oxygen consumption (3) . In this study reduced growth rate of broilers due to the early energy restriction in the 2 nd week decreased the heart (P<0.01) and liver (P<0.05)
percentages. Similarly, some authors (28, 29) reported that early feed restriction decreased heart percentages. Yang et al. (38) found increased moisture of breast muscle in early energy restricted broilers and day 42 but not statistically significant. However, Zhan et al. (40) reported that increased fat and similar protein contents of breast muscle in feed restricted broilers as compared with broilers fed adlibitum at the end of restriction. In our study, moisture was higher and protein was lower in thigh meat of broilers fed energy restricted diet on day 42 (P<0.05). The difference in protein content of the muscle could be explained by protein metabolism and examined region of muscle due to the different growth time of the different body region. We thought that because of differential growth rate, feed consumption and abdominal fat of broilers obtained from different breeder ages, plasma leptin concentrations were different. According to Dridi and Taouis (9) , chickens of heavier body weights have higher leptin concentrations in the plasma than those with lower body weights. In our study, while broilers from three breeder age groups had different body weights, weight gains and abdominal fat, plasma concentrations of leptin were statistically similar. Similarly Kuo et al. (18) reported that plasma leptin concentration may not be the cause for differences in body weight and food intake between low and high body weight chickens. Liver percentages were similar in breeder age groups; therefore in broilers liver might determine the plasma leptin level primarily. However, in energy restriction groups, plasma leptin concentrations were similar but liver percentages were statistically different (P<0.05) in diet groups. This result was not support to previous result about leptin concentrations of broilers obtained from different breeder ages. The present experiment also showed that plasma leptin concentrations decreased (P<0.001) with age in broilers. This could be related to in ovo embryonic nutrition, which in the chick is mainly supported by lipids contained in the yolk. Cassy et al. (7) reported that plasma leptin concentration was higher on day 1 than on day 35 of age, but this was not statistically different. Further studies should focus on the leptin concentration to determine these differences.
In this study, we wanted to know whether the differences observed among broilers obtained from different breeder ages due to the early feed restriction. However, the results showed that there were no significant interaction between breeder age and early energy restriction except that the 2 nd week feed to gain ratio. As a conclusion, this study has demonstrated that initial weight, total body weight gain and total feed consumption were decreased as breeder age decreases, whereas energy restriction caused to decrease total feed efficiency, heart and liver percentages and also protein level of thigh meat. Leptin concentration was decreased as broiler age increases. Breeder age didn't influence the early dietary energy restriction of broilers except that at the 2 nd week of feed to gain ratio.
